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A bstract : The chemical analysis of the fuchsite quartz mineral indicates the presence of Cr, 
Fe and Mn transition metal impurities among which Cr is the major impurity ( I 48 wt%). The 
electronic spectrum in UV-VIS region is characteristic of Cr(Ill) in near octahedral symmetry 
The evaluated crystal field parameter is = 2000 and inter-eleclromc repulsion parameters are 
B  = 677 and C = 3400 (all expressed in cm“*) These results arc further supported by EPR 
spectrum The IR spectrum is characteristic of H 2O and Si0 4  molecules
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1. Introduction
Fuchsite belongs to muscovite group. The combination of perfect cleavage, flexibility, 
elasticity, low thermal conductivity, infusibilily and high dielectric strength, makes muscovite 
a valuable mineral that is widely used in industry [1]. The general formula of muscovite 
isKAl2(Al, Si30 |o)(OH)2. It is a IM poly-type with lattice parameters a = 0.5275(5), 
b =0.9045(5), c = 1.0281(5) nm and p  = 101.80(10) [2]. Optical absorption spectrum of 
fuchsite quartz has been reported and attributed to Cr(III) ion [3]. But no detailed analysis has 
been made. Detailed investigations and analyses of the optical absorption, EPR and IR spectra 
of the green coloured fuchsite quartz from Javanhalli, Karnataka of South India, are reported 
in the present paper.
2. Experimental
One gram of fuchsite quartz is taken in a teflon crucible and is dissolved in hydrofluoric acid 
(HF). The solution is evaporated by heating the crucible on the hot plate. Then the residue is
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dissolved in HCI and made up lo 100 ml in a standard flask. This solution is used to estimate 
the amount of impurities present in the sample by AES technique with 3410 ICP 
spectrophotometer with monitorch.
The optical absorption spectrum of the sample is recorded on Cary Model 2390 
Spectrophotometer in the region 250 to 1600 nm at room temperature. The EPR spectrum ol 
the poly crystal line sample is recorded on Varian E-112 Spectrometer operating at X-banci 
frequencies having 1000 kHz modulation and a phase sensitive detector is used to obtain first 
derivative EPR signal.
3. Theory
The three unpaired d  electrons in Cr(III) give rise to V . and several other doubici 
terms of which represents the ground term. In octahcdrally co-ordinated systems, these 
terms split and give rise to the following states of which M ^ lies the lowest.
V ■
*p *
^G ' ^2,.  X
—> X ’ ' ^2* ■
The strong field electronic configuration for the ground and next two excited states give rise 
to the following terms ;
% ^ { H )  :>2,
In all these cases, ^ 2g (F) lies lowest. Thus, we can expect three spin allowed transitions 
2g (O  —> 7^'ig (P) in addition to some spin
forbidden transitions.
The energy values of these transitions in terms of crystal field {Dq)  and interelectronic 
repulsion parameters (B,C) are given by Tanabe and Sugano [4] in the form of matrices.
4. Results and analysis
Chemical analysis :
The chemical analysis of fuchsite quartz is carried out on 3410 ICP Spectrophotometer with 
monitorch. The results indicate that the sample predominantly consists of chromium (1.4840 
wt %), a small quantity of iron (0.2529 wt9b) and traces of manganese (0.0076 wt %).
Optical absorption spectrum :
Optical absorption spectrum recorded at room temperature is shown in Figure 1. The 
spectrum is characteristic of Cr(III) in octahedral symmetry. This is in tune with the chemical
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Figure 1. Optical absorption spectnim of fuchsite quartz.
analysis which shows the predominance of chromium. Three spin-allowed transitions are 
possible for Cr(III) in octahedral symmetry. Of these, the \g(P) involves a
double electron jump and results in a weak band. Therefore, the two prominent broad bands 
at 500 and 370 nm are attributed to the transitions ^A2^ (F) ^  ^A^giF) —> ^T^g(F)
whereas the other bands at 230 nm is attributed to —► ^T\^{P).
The band position ( V| = 19995 cm“*) corresponding to the transition ^A ^ {F) 
band gives the 10 Dq value. Therefore, Dq value is taken to be 2,000 cm“>. The wavenumber 
of the band corresponding to is 27020 {v^). Using the following formula [51
approximate value of B is evaluated :
B = ( i v ]  + v\  -  3 v,V2)/(I5v2 -  27V,).
The value! of 5  obtained is 677 cm" .^ For the corresponding Dq IB value, with the help of 
Tanabe-Sugano diagram, the assignments of the other bands are made. The band-head data
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with the assignments is shown in Table 1. Some of the band heads are broad and the probable 
error in measurement of the peak positions is about ± 10 cm~'. Using the values of 
Dq = 2000 and B = 677 cm" ,^ octahedral energy matrices [4] are solved for different values
Table 1. Observed and calculated band positions for Cr(lll) in fuchsitc quartz.
Transition 
from ^^2ft
^ r^ (G )
Observed band positions
Wavelength 
A (nm)
645
625
500
440
.170
300
280
230
Wavenumber
v(cm”’ )
15500
15995
19995
22720
27020
33325
35700
43465
Calculated
band positions 
v(cm“' )
15450
16007
20000
23467
27024
33058
35603
43130
of C. The value of C = 34(K) cm‘‘ gives best fit to the observed data. Accordingly, the values 
of B, C and D q  evaluated from the spectrum, are taken as Z? = 677, C = 3400 and 
Dq = 2,000 cm-'.
Electron paramagnetic resonance spectrum :
Room temperature EPR spectrum of fuchsite quartz recorded for the poly crystal line sample is 
shown in Figure 2. It consists of a broad line marked 'a' with g = 2.918; a six line pattern 
with g = 2.004; a single line with g = 1.996 (marked with asterisk) and a broad line under 
the six line pattern. The six line pattern with the g value of 2.004(2) has a hyperfine value of 
82(2) Gauss. These values suggest that this pattern is due to Mn(ll) impurity in the mineral. 
The line with g = 1.996 is characteristic of Cr(III) impurity [6,7,8]. For Cr(III) (5 = 3/2) the 
ground state is four fold spin degenerate with Af, = +3/2, 1/2, -1/2 and -3/2. In the cubic 
field, no splitting of these levels takes place and therefore, the magnetic field leads to an 
equidistant splitting.This gives rise to only one single line in the EPR spectrum. However 
in non-cubic fields, the degeneracy is partially lifted leaving two doublets l±3/2> and 1± ^  The 
magnetic field then lifts the degeneracy completely giving rise to three lines for Cr(III) in non 
cubic fields [8,9].
In the present investigation, only one line at g = 1.996 is attributable to Cr(III) and 
this indicates near octahedral symmetry for the Cr(III) ion in the lattice. This observation 
agrees well with the results of the optical absorption spectrum which is characteristic ol 
octahedral symmetry. The broad line with g = 2.912 and the one beneath the Mn(Il) sextet 
may be due to Fe(III) impurity in the mineral. It is very well known that Fe(lII) can give rise
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to  resonance between g « 0.8 to 6.0 depending on the distortion and the population of 
iCrarners doublet [10,11J2]. The EPR lines around 3000 G are overlapping. Therefore to 
p ro v e  conclusively the existence of only one line due to Cr(III), single crystal studies may be
usef il. These studies will be undertaken in future on this mineral along with the related group 
of minerals.
Infrared spectrum :
The infrared spectrum of the fuchsite quartz is shown in Figure 3. The spectrum reveals the 
existence of a number of well defined bands in the region 700 to 4(XX) cm”*.
Si04 molecule in ideal Tj symmetry has four fundamental modes of vibration. Of 
these and V2 are infrared inactive. V3 and V4 are triply degenerate and are IR active. In the 
present investigation, one band with two components at 775 and 800 cm~* is observed. It is 
ascribed to v* mode. The splitting of the band indicates removal of degeneracy partially and 
suggests deviation from ideal symmetry. A broad band is observed around 1 100 cm"*. 
This is attributed to the triply degenerate V3 mode.
H2O generally exhibits three fundamental modes of vibration. Of these v, and V3 arc 
symmetric and antisymmetric stretching frequencies respectively. The V2 vibration is the 
H-O-H bond. In the present investigation, two bands arc observed around 1620 and 
3450 cm“>. The 1620 cm'* band is ascribed to Vj mode. The broad band around 3400 cm"* is 
attributed to the unresolved stretching modes of Vj and V3 . The shifts of these bands from
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their vapour phase values ( V3 = 3765, V| = 3652 and = 1595 cm“*) indicate hydrogen 
bonding [13].
Fifi^re 3. Infrared spectruin of fuchsiie quartz mineral.
5. Conclusion
The chemical analysis of the mineral indicates the presence of transition metal impurities Cr, 
Fe and Mn. Of these, chromium is predominant (1.434 wt%). Other i^^)urities are relatively 
small (Fe = 0.2529 and Mn = 0.0076). EPR spectrum of the sample also supports the 
pre.sence of these impurities. The optical absorption spectrum is characteristic of the 
chromium impurity which is predominantly present. The general features of the spectrum are 
characteristic of hexa-coordinated Cr(lll). If there is a lowering of symmetry, it must show 
up in splitting of the degenerate energy levels leading to splitting of bands. The splittings 
might be masked in some of the broad bands. The absence of the splittings even in the sharp 
bands prompts the authors to suggest a near octahedral symmetry for the'Cr(III) ion in the 
present mineral. The presence of only one line at g = 1.996 corresponding to Cr(ITI) in the 
EPR spectrum lends support to the octahedral symmetry. The IR spectrum is characteristic ol 
H2O and Si0 4  groups.
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